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TREATMENT UPDATE

The Role of Gonadotropin-
Releasing Hormone Antagonists
for the Treatment of Benign
Prostatic Hyperplasia
Herbert Lepor, MD
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Medical therapy is the preferred first-line approach in the management of
lower urinary tract symptoms in men with benign prostatic hyperplasia. 
The magnitude of the improvement in lower urinary tract symptoms observed
in response to combination therapy (�-blocker plus 5-� reductase inhibitors)
does not approach that achieved with prostatectomy. Various drugs have been
under consideration, including BXL628, lonidamine, and phosphodiesterase
inhibitors, all of which have had unacceptable side effects. The gonadotropin-
releasing hormone antagonist cetrorelix is associated with dose-dependent
symptom improvement and reduction of prostate volume. Elucidating the
mechanism for cetrorelix-mediated improvement in lower urinary tract
symptoms will likely contribute to unraveling the pathophysiology of lower
urinary tract symptoms in men.
[Rev Urol. 2006;8(4):183-189]
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Over the past 20 years, medical therapy has gained an increasing role in the
management of lower urinary tract symptoms (LUTS) arising from benign
prostatic hyperplasia (BPH).1 Today, medical therapy is the preferred

first-line approach to treating BPH. Alpha-blockers and 5-� reductase inhibitors
(5-ARIs) are the 2 classes of drugs currently approved by the US Food and Drug
Administration for the treatment of symptomatic BPH.
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Alpha-blockers have been consis-
tently shown to relieve LUTS in men
with BPH, independent of prostate
volume.2 Historically, nonselective �-
blockers, such as phenoxybenzamine,
were associated with adverse events.3

Over the past 20 years, the trend has
been to develop �-blockers with im-
proved tolerability. Tamsulosin and
alfuzosin are currently the most
widely prescribed �-blockers and are
generally well tolerated. Side effects
include asthenia, dizziness, headache,
and ejaculatory dysfunction.

5-ARIs were initially shown to mod-
estly improve LUTS in men with very
large prostate glands.4 Side effects
were limited to erectile and ejaculatory
dysfunction. 5-ARIs fell into disfavor
when Veterans Administration Cooper-
ative Trial 359 demonstrated that
finasteride and placebo were equally
effective in relieving LUTS in men with
symptomatic BPH.5 A meta-analysis
subsequently demonstrated that the
ability of 5-ARIs to relieve LUTS de-
pended on prostate volume.6

The interest in 5-ARIs has been
resurrected since the publication of re-
sults from the Medical Therapy of
Prostate Symptoms (MTOPS) trial.7

Unlike all other multicenter, random-
ized, placebo-controlled trials assess-
ing effectiveness, the primary end-
point of the MTOPS trials was BPH
disease progression. In this study, BPH
progression was defined as a 4-point
increase in the American Urological
Association (AUA) symptom score or
the development of acute urinary
retention (AUR), renal insufficiency, or
incontinence. Both �-blockers and 5-
ARIs significantly prevented disease
progression through distinct mecha-
nisms. Alpha-blockers primarily pre-
vented symptom progression, whereas
5-ARIs prevented the development of
AUR. 5-ARIs are now offered with the
expectation that they will relieve
LUTS and prevent AUR in men with
enlarged prostate glands.

Are Additional Medical 
Therapies for BPH Needed?
There is agreement that currently
available medical therapies signifi-
cantly improve LUTS in men with
BPH. Nevertheless, there is a substan-
tial subset of men who do not tolerate
or respond to medical therapy, and
others experience disease progression
while receiving medical therapy.7 The

magnitude of the improvement in
LUTS observed in response to combi-
nation therapy (�-blocker plus 5-ARI)
does not approach the magnitude
achieved with prostatectomy.5,8 There-
fore, there is a definite need to de-
velop novel medical therapies that
target factors other than prostate
smooth muscle relaxation or prostate
volume reduction.

New Drugs in Development 
for BPH
Several new drugs are being developed
for the treatment of BPH.

BXL628
The proliferation of prostate cells has
been shown to be inhibited by the
binding of agonists to vitamin D re-
ceptors.9 BXL628, an analogue of vit-
amin D3, has been shown in a rat
model to inhibit proliferation of
prostate cells by inducing apoptosis
without impacting calcium hemosta-
sis.10 In a pilot clinical study, BXL628
exhibited a significantly greater re-
duction of prostate volume compared
with placebo after 12 weeks of active
therapy.11 The effects of BXL628 on
LUTS or bladder outlet obstruction
were not reported. Longer and larger
multicenter, randomized, placebo-
controlled clinical trials are obviously

required to support the utility of vita-
min D receptor agonists for the treat-
ment of BPH.

Lonidamine
Lonidamine is a novel agent that is a
selective inhibitor of hexokinase, a
pivotal enzyme for glycolysis.12 The
prostate has been shown to be a rel-
atively anaerobic organ.13 Therefore,

its metabolism depends primarily on
glycolysis. The high levels of citrate
in the prostate serve as an inhibitor
of the Krebs cycle, which makes the
prostate even more dependent on
glycolysis.14 Therefore, a selective
inhibitor of glycolysis theoretically
may exhibit a selective effect on
prostate metabolism and function.
Lonidamine has been shown to be ef-
fective when offered as combination
therapy in some solid tumors, pre-
sumably because some tumors de-
pend heavily on anaerobic metabo-
lism.15 Ditonno and colleagues16

recently reported the safety and ef-
fectiveness of lonidamine in an
open-label study of 45 men in Italy.
After 12 weeks of treatment, statisti-
cally significant decreases were
observed in mean prostate volume,
mean serum levels of prostate-
specific antigen, and mean AUA
symptom score, along with a con-
comitant increase in the mean peak
urinary flow rate (Qmax). A large
phase III, randomized, double-blind,
placebo-controlled study comparing
lonidamine with placebo was recently
terminated prematurely because of
liver toxicity. An interim analysis
failed to show treatment-dependent
symptom improvement. Lonidamine
is no longer being developed for BPH.

There is a substantial subset of men who do not tolerate or respond to
medical therapy, and others experience disease progression while receiving
medical therapy.
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The experience with lonidamine
underscores the importance of ran-
domized, placebo-controlled studies.

Phosphodiesterase-5 Inhibitors
Phosphodiesterase (PDE) inhibitors
are widely used to treat erectile
dysfunction.17 PDE type 5 (PDE-5)

inhibitors prevent the breakdown of
cyclic guanosine monophosphate,
which enhances the effect of nitric
oxide on penile smooth muscle. Ni-
tric oxide synthase is present in the
prostate.18 Nitric oxide has also been
shown to mediate prostate smooth
muscle tension.19 A recently reported
study has demonstrated that PDE-5
inhibitors relieve LUTS in men with
BPH.20 Interestingly, PDE-5 in-
hibitors improve LUTS without
increasing Qmax. The mechanism of
action of PDE-5 inhibitors on LUTS
is poorly understood. PDE-5 in-
hibitors are associated with signifi-
cant side effects, including flushing,
gastroesophageal reflux, tachycar-
dia, visual disturbances, and muscle
cramps. The high cost of these drugs
and their side effects, as well as the
limited reduction of LUTS, renders
this class of drugs a poor choice for
treating BPH.

Gonadotropin-Releasing 
Hormone Antagonists for BPH
Gonadotropin-releasing hormone
(GnRH) agonists are widely used for
the treatment of prostate cancer.21 The
primary limitation of GnRH agonists
is the initial testosterone “flare,”
which may be life threatening.22 The
flare phenomenon may be prevented
by pretreatment with antiandrogens.23

The delayed onset for achieving cas-
trate levels in some cases and circum-
stances is problematic. The side effects

of GnRH agonists include hot flashes,
loss of libido, erectile dysfunction, os-
teoporosis, muscle wasting, and cog-
nitive dysfunction.24 These side effects
are acceptable when the goal is palli-
ation of metastatic prostate cancer. 

GnRH agonists were investigated
for BPH in the 1990s. The side effects

associated with castrate levels of
testosterone were acceptable in rela-
tionship to the clinical benefit, which
was only a modest improvement in
LUTS.25

GnRH antagonists have the theoret-
ical advantage over agonists for the
treatment of both prostate cancer and

BPH. An antagonist directly inhibits
GnRH receptors and is not associated
with the testosterone flare or delayed
onset of testosterone suppression. A
theoretical advantage of GnRH antag-
onists over agonists for the treatment
of BPH is the ability to titrate the
level of testosterone suppression. It is
conceivable that an intermediate
level of testosterone suppression may
achieve therapeutic benefits at the
level of the prostate while avoiding
the typical adverse events associated
with castrate levels of testosterone.
Initial attempts to develop GnRH an-
tagonists were limited by the occur-
rence of severe histamine-mediated
anaphylactic reactions. 

Abarelix was the first GnRH an-
tagonist approved for the treatment
of advanced prostate cancer.26 The
abarelix package insert carries a
black box warning for anaphylactic
reactions. The drug cannot be ad-
ministrated unless the patient signs a

special consent form and resuscita-
tive equipment is available in the of-
fice setting.27 It is no surprise that
abarelix is rarely used in the treat-
ment of prostate cancer. Abarelix
was withdrawn from the US market
because of limited sales.

Cetrorelix is the only GnRH antag-
onist that has been extensively stud-
ied in men with BPH. Cetrorelix is a
decapeptide analogue of GnRH with
substitutions of amino acids at posi-
tions 1, 2, 3, 6, and 10.28

The immediate-release formulation
of cetrorelix acetate (Cetrotide®;
Serono, Rockland, MA) has been ap-
proved for in vitro fertilization in
more than 80 countries, including
European nations, the United States,
and Japan. Cetrotide has been mar-
keted since 1999.

Cetrorelix acetate was the first for-
mulation of the drug studied in men
with BPH. The primary limitation of
cetrorelix acetate was its short half-
life, which required repeated subcuta-
neous (SC) injections and a large in-
jection volume.

Gonzalez-Barcena and colleagues29

reported an open-label study of 11
men receiving 0.5 mg SC cetrorelix
acetate twice daily for 28 days. A sig-
nificant reduction in mean prostate
volume, LUTS, and mean Qmax was
observed. These clinical outcomes
were maintained well beyond the 1-
month active treatment phase. Similar
results were obtained in a second
open-label study.30

Lepor and colleagues31 reported the
first multicenter, randomized, placebo-
controlled clinical trial evaluating the
safety and efficacy of cetrorelix ac-
etate in men with symptomatic BPH.
This proof-of-concept study was not
adequately powered to demonstrate

The experience with lonidamine underscores the importance of randomized,
placebo-controlled studies.

Cetrorelix is the only gonadotropin-releasing hormone antagonist that has
been extensively studied in men with benign prostatic hyperplasia.
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statistically significant outcomes.
After a 7-day placebo lead-in, all sub-
jects received daily SC treatment over
a subsequent period of 28 days. The
loading-dose group (CL) received
10 mg daily on days 1 through 5 and
1 mg daily on days 6 through 28. The
other dose group (C) received 1 mg on
days 1 through 28. The placebo group
received daily injections of saline. On
day 28, 32%, 52%, and 54% of men
achieved at least a 30% decrease in
symptom score in the placebo, C, and
CL groups, respectively. The median
increase in Qmax in the placebo, C, and
CL groups was 1.0 mL/s, 3 mL/s, and
3 mL/s, respectively. The mean prostate
volume decreased by 2.6 cm3, 6.2 cm3,
and 7.1 cm3 in the placebo, C, and CL
groups, respectively. Outcome measures
were also evaluated 56 days after ter-
mination of active treatment. The ef-
fectiveness of cetrorelix acetate was
durable. Subjects in the C group did not
develop the typical side effects associ-
ated with castrate levels of testosterone. 

Debruyne and colleagues32 recently
presented the results of a multicenter,

randomized, double-blind, placebo-
controlled study of cetrorelix pamoate
in men with BPH. The longer half-life
of the pamoate formulation allows for
a more convenient dosing regimen. A

total of 250 men were randomized
into this study at several centers in
Europe. After a 1-month single-
blind placebo lead-in, subjects re-
ceived placebo (P) or active drug (cet)
on days 1, 14, and 28 according to the
following dosing regimens: group I: P,
P, P; group II: cet 30 mg, cet 30 mg,
P; group III: cet 30 mg, cet 30 mg,
cet 30 mg; group IV: cet 60 mg, cet
30 mg, P; and group V: cet 60 mg,
cet 60 mg, P. All active-treatment
groups experienced significant im-
provements in the mean AUA symp-
tom score (Figure 1) and mean peak
flow rate (Figure 2) relative to placebo
at 12 weeks. 

The time-dependent effect of
cetrorelix on testosterone levels are
shown in Figure 3. Even at the higher
doses of cetrorelix, serum testosterone
concentrations did not decline to a
level approaching castrate levels.
Testosterone levels returned to base-
line values by 7 weeks. No significant
differences were noted between active
treatment and placebo for erectile
function according to responses to the
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Figure 1. Changes in International Prostate Symptom Score (IPSS) in response to placebo and 4 different dosing
regimens of cetrorelix SR (pamoate) (Study Z003; dosing in week 0 and week 2; in group 30+30+30 also week 4).
Data from Debruyne FMJ et al.32
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Figure 2. Changes in peak urinary flow rate (Qmax) in response to placebo and 4 different dosing regimens of
cetrorelix SR (pamoate) (Study Z003; dosing in week 0 and week 2; in group 30+30+30 also week 4). Data from
Debruyne FMJ et al.32
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Figure 3. Changes in serum testosterone levels in response to placebo and 4 different dosing regimens of cetrore-
lix SR (pamoate) (Study Z003; dosing in week 0 and week 2; in group 30+30+30 also week 4). Data from Debruyne
FMJ et al.32

International Index of Erectile Func-
tion questionnaire, suggesting that
the transient lowering of testosterone
levels did not alter erectile function. 

In the subgroup of men with en-
larged prostate at baseline (prostate
volume � 42 g) a significant decrease
in prostate volume was noted be-
tween baseline and 4 weeks. Aeterna
Zentaris (Québec, Canada) is planning
to conduct 2 pivotal randomized
placebo-controlled trials in Europe
and the United States to support a
new drug application for cetrorelix
pamoate for the treatment of BPH. To
date, the efficacy and tolerability data
for cetrorelix in men with BPH is
quite compelling. 

The primary treatment goals for
men with BPH are to alleviate LUTS
and prevent progression to AUR. The
pathophysiology of LUTS is poorly
understood.33 There is increasing evi-
dence that factors other than bladder
outlet obstruction (BOO) and the ex-
tent of benign prostatic enlargement
(BPE) are primarily responsible for
the development of LUTS. There is

also increasing evidence that �-
blockers and 5-ARIs relieve LUTS by
mechanisms other than prostate
smooth muscle relaxation and
prostate volume reduction, respec-
tively.34 Therefore, it is unclear how
to design a drug that is maximally ef-
fective at relieving LUTS. The risk of
developing AUR is directly related to
prostate volume.35 Therefore, drugs
that reduce prostate volume have
been shown to exhibit the greatest
effect on preventing progression to
AUR.7

The extensive clinical experience
with cetrorelix in men with BPH has
shown that this drug is associated
with dose-dependent symptom im-
provement and reduction of prostate
volume. On the basis of our current
understanding of the pathophysiology
of LUTS, it is unlikely that the reduc-
tion in prostate volume mediated by
cetrorelix is directly responsible for
the symptom improvement. The
prostate volume reduction is compa-
rable to that achieved with 5-ARIs,
suggesting that cetrorelix may have a

favorable long-term effect on pre-
venting progression to AUR. 

Cetrorelix elicits many effects on
various hormones and growth factors
that may mediate prostate volume re-
duction. Cetrorelix elicits an immedi-
ate and dose-dependent suppression
of GnRH, which lowers luteinizing
hormone and follicle-stimulating
hormone, resulting in an immediate
decrease of testosterone and its me-
tabolized products dihydrotestos-
terone and estradiol.36 The fact that
an intermediate level of testosterone
suppression can achieve prostate vol-
ume reduction without causing hot
flashes, erectile dysfunction, and
other adverse events associated with
castrate levels of testosterone sug-
gests that there are different androgen
thresholds mediating these events. 

Another possible explanation may
be that cetrorelix mediates prostate
volume reduction via its effects on
other hormones and growth factors.
Cetrorelix reduces estrogen levels as a
direct consequence of lowering testos-
terone. Estrogens have a direct effect
on stromal proliferation.37 Lowering
estrogens may not only prevent the
further growth of the prostate, but
may also promote regression of estab-
lished BPH. 

Growth factors may also play an
important role in mediating benign
and malignant prostate proliferation.
Cetrorelix also has been shown to re-
duce the amount of epidermal growth
factor receptors38 and insulin-like
growth factor-II39 in prostate cancer.
Cetrorelix may mediate the observed
prostate volume reduction by altering
levels of growth factors and their
receptors. The prostate has been
shown to have luteinizing hormone-
releasing hormone receptors.40,41 The
multifactorial effect of cetrorelix on
various hormones and growth factors
may explain its durable clinical out-
comes despite the normalization of
testosterone levels.
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The mechanism for the cetrorelix-
mediated improvement in LUTS is
difficult to explain because our un-
derstanding of the pathophysiology
of LUTS in the aging male is poorly
understood.32 The fact that surgically
resecting or enucleating the hyperplas-
tic adenoma dramatically improves
LUTS implies that the prostate is pri-
marily responsible for the development
and maintenance of LUTS in the aging
male. The specific prostatic factors
mediating LUTS have been elusive.
The mechanism of action of cetrore-
lix in BPH may be mediated through
unrecognized direct and indirect ef-
fects on the prostate. Elucidating the
mechanism for cetrorelix-mediated
improvement in LUTS will likely con-
tribute to unraveling the pathophysiol-
ogy of LUTS in men.

Dr. Lepor acts as a consultant for Aeterna
Zentaris Inc.
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